Introduction: Long-acting insulin analogs such as insulin glargine may offer improved glycemic control in patients with type 2 diabetes (T2D) compared to conventional insulin therapies. The objective of this study was to determine whether switching to insulin glargine had beneficial effects on glycemic control, weight gain, and incidence of hypoglycemia in patients with suboptimally managed T2D.
INTRODUCTION
The prevalence of type 2 diabetes (T2D) is rapidly rising worldwide, with the most significant increases occurring in developing countries [1] . Unfortunately, few patients diagnosed with T2D are properly controlled; for instance, it was estimated that only 36% of patients in Southeastern European countries achieved the glycated hemoglobin (HbA1c) therapeutic goal of \ 7% (\ 53 mmol/mol) [2] . Lack of adequate treatment leads to disease complications, which places a significant burden on the healthcare system and increases socioeconomic costs [3] . Therefore, detailed prospective studies are required to find optimal therapies and to explain why, despite clinical management, some patients do not respond to therapy or suffer from adverse events such as hypoglycemia or weight gain.
Well-recognized diabetic associations (such as the American Diabetes Association, the European Association for the Study of Diabetes, and the Canadian Diabetes Association) recommend the use of basal insulin administered once daily as the initiation therapy regimen [4] [5] [6] . However, in light of recently performed clinical trials and meta-analyses, there is no clear evidence for the superiority of this regimen over pre-mixed insulin regimens when it comes to lowering HbA1c [4] [5] [6] . Moreover, premixed insulin is still more frequently prescribed worldwide than basal insulin analogs due to its lower cost. Both therapies have their advantages and disadvantages, and the choice of regimen should be based on the patients' individual characteristics, lifestyle factors, and patient perception, which cannot be easily factored into strict guidelines [7] . Nevertheless, irrespective of the type of introductory regimen prescribed, there is still a large group of patients who do not reach recommended therapeutic goals.
Insulin glargine, a long-acting insulin analog engineered to achieve continuous secretion after subcutaneous injection, has shown good efficacy as an introductory therapy in various clinical trials worldwide [8] [9] [10] [11] . Three amino acid substitutions facilitate its high solubility in the acidic pH of the injection formulation and its moderate solubility at physiological pH [12] . After subcutaneous injection, insulin glargine precipitates in the form of a depot, which gradually disassociates to release the active insulin monomers into the circulation, thereby mimicking the basal insulin secretion of nondiabetic pancreatic beta cells [12] . Because of the tightly controlled basal insulin release into the circulation, the risk of developing hypoglycemia among patients treated with insulin glargine regimens is lower compared to those treated with pre-mixed insulin [13] . However, the basal regimen with once-daily administration of insulin glargine (which is more convenient than pre-mixed insulins for patients whose lifestyles require flexible dietary and activity patterns) is often insufficient to achieve a proper postprandial glucose level, and so additional prandial (bolus) injections must be prescribed.
To date, the efficacy of insulin glargine in patients with T2D who failed to achieve therapeutic goals with pre-mixed insulin has only been addressed in a few studies [14] [15] [16] . Therefore, the aim of this study was to evaluate the effects of switching from a pre-mixed insulin therapy to regimens with insulin glargine in suboptimally treated T2D patients in Adriatic countries.
METHODS

Subjects and Study Design
A total of 92 hospital-based physicians participated as investigators in this prospective, observational, post-marketing, multicenter study that took place between April 2013 and May 2015 in the following Adriatic countries: Bosnia and Herzegovina, Macedonia, Albania, and Slovenia. Investigators were expected to enroll adult patients with T2D who were previously inadequately controlled with pre-mixed insulin and switched to the insulin glargine regimen with or without (±) orally administered antidiabetic drugs (OADs) or ± prandial insulin. Patients with type 1 diabetes, those who were pregnant, those with a history of secondary diabetes, or those on temporary insulin treatment were excluded from the study.
The patient observation period lasted six months from the date of inclusion (i.e., 1-3 months from the time of the first insulin glargine administration). The medical assessment and outcome measurements were performed at the time of inclusion and at three and six months from inclusion ( Fig. 1) . Because of the noninterventional nature of the study, the decision to use a particular type of insulin glargine therapy regimen (± OADs or additional rapid insulin injections) was made by the physicians, who were also responsible for the documentation of all outcomes.
This study has been approved by the appropriate ethics committees: Ethics Committee, Ministry of Health, Republic of Macedonia; Republic of Slovenia National Medical Ethics Committee; National Committee of Medical Ethics, Albania; and the ethics committees of the institutions in which the study was conducted (e.g., ethics committees of Clinical Hospital Mostar, Clinical Hospital Zenica, General Hospital Trebinje, Health Center Tuzla) in Bosnia and Herzegovina. Informed consent was obtained prior to the conduct of any studyrelated data collection procedures. Data were collected in paper form and centrally collected at the site of the company sponsor.
Outcome Measures
The primary endpoint involved analyzing HbA1c and fasting blood glucose (FBG) levels at inclusion and subsequent follow-up visits (after three and six months) to determine the mean values and the proportion of patients who achieved HbA1c \ 7% (\ 53 mmol/mol) and FBG in the range of 3.9-7.2 mmol/L.
The secondary endpoints involved analyzing the patients' weight gain, incidence of hypoglycemia, and satisfaction with the therapy. Weight gain was assessed by measuring body mass index (BMI) and waist circumference. Data on hypoglycemia frequency (symptomatic, confirmed, nocturnal, and severe) were collected at the baseline visit, retrospectively taking into account the three months prior to introduction of insulin glargine, and
Fig. 1 Study design scheme
prospectively at the three-and six-month follow-up visits. These data came directly from the patients, who were advised to mark every event of hypoglycemia in their diaries. Patient satisfaction with the therapy was assessed based on their answers to the question ''How satisfied are you with the treatment?'' Possible answers corresponded to a five-point Likert scale of either ''very dissatisfied,'' ''dissatisfied,'' ''neither satisfied nor dissatisfied,'' ''satisfied,'' or ''very satisfied.'' All adverse events that took place from the time of signing the informed consent to the end of the study were recorded in the case report form.
Statistical Analyses
Depending on the type and number of parameters examined, the v 2 test, Mantel-Haenszel test, Student's t test for independent or paired samples, Mann-Whitney U test, Wilcoxon signed-rank test, ANOVA and posthoc analysis, and binary logistic regression were used. In all tests, a p value \ 0.05 was considered statistically significant. Levene's test was used to assess equality of variances. The normal distribution of each variable was checked with the Kolmogorov-Smirnov test. For the descriptive analysis, missing data were presented as valid calculated percentages. In other analyses, missing data were excluded. All patients meeting the inclusion/exclusion criteria were included in the full data set. For the subpopulation analyses, data were divided into three sets: (1) the basal ? OADs set (patients previously treated with pre-mixed insulin who were switched to insulin glargine with concomitant OADs); (2) the basal plus set (patients previously treated with pre-mixed insulin who were switched to insulin glargine with one additional daily prandial injection of rapidacting insulin); and (3) the basal bolus set (patients previously treated with pre-mixed insulin who were switched to insulin glargine with two or three additional prandial injections of rapid-acting insulin).
RESULTS
Patient Characteristics at Inclusion
A total of 1041 (606 female) patients completed the study. The mean age was 61.80 ± 9.31 years, with most patients ranging from 55 to 65 years of age. Mean BMI was 29.7 ± 4.7 kg/m 2 and was significantly higher [17] in females (30.5 ± 4.9 kg/m 2 ) than in males (28.6 ± 4.0 kg/m 2 ; p \ 0.01). Complications and/or comorbidities were reported in 855 (82.1%) patients; the most common complications were diabetic neuropathy (41.5% of the studied population) and diabetic retinopathy (35.4%). Patient characteristics at study entry are presented in Table 1 .
In terms of concomitant medications, biguanides (836 patients, 80.3%) and sulfonylureas (783 patients, 75.2%) were the most commonly administered OADs prior to study entry. A total of 748 (71.8%) patients continued OAD therapy at the baseline visit; however, while biguanides remained frequently used after the switch to insulin glargine (639 patients, 61.4% at baseline), sulfonylureas were mostly discontinued by the time of the baseline visit. A total of 295 patients (28.3%) received no OADs at baseline, and the use of non-biguanide OADs was uncommon, ranging from 13 patients (1.2%) for sulfonylureas to 54 (5.4%) for sulfonylurea ? biguanide combination. See the Electronic spplementary material (ESM) for more information on concomitant antidiabetic therapy at baseline and during the study period.
Efficacy of the Insulin Glargine Regimen
From the time of insulin glargine introduction, 461 (44.9%) patients were treated with the basal ? OADs regimen, 125 (12.2%) patients with the basal plus regimen, and 441 (42.9%) patients with the basal bolus regimen. After three months, 44.6% of patients were on the basal ? OADs regimen, 12.3% of patients were on the basal plus regimen, and 43.1% of patients were on the basal bolus regimen. After six months, 44.6% of patients were treated with the basal ? OADs regimen, 12.2% with the basal plus regimen, and 43.1% with the basal bolus regimen. To determine whether switching to insulin glargine is beneficial for patients inadequately treated with pre-mixed insulin, we set strict therapeutic goals to assign efficacy. Overall, the primary goal of obtaining HbA1c \ 7% was reached in 9.3% and 30.2% of patients at month three and month six of therapy, respectively. Similarly, the secondary goal of achieving HbA1c levels \ 7% and FBG levels in the range 3.9-7.2 mmol/L was reached in 73 patients (7%) after three months and in 270 (25.9%) patients after six months of therapy. A significantly higher percentage of patients achieved this therapeutic goal at month six of observation compared to month three (p \ 0.01). FBG levels within the targeted plasma concentration range (3.9-7.2 mmol/L) were noted in 34 (3.3%) patients at inclusion, in 298 (28.6%) at the three-month follow-up visit, and in 544 (52.3%) patients at the six-month follow-up visit, with the increase in prevalence being statistically significant (p \ 0.01; Fig. 2) . A similar statistically significant increase in the proportion of patients reaching both therapeutic goals from month three to month six of observation was observed among all three prescribed regimens (data not shown).
A significantly smaller percentage of patients reached the composite therapeutic target (i.e., HbA1c \ 7.0% and FBG 3.9-7.2 mmol/L without events of hypoglycemia) after six months of therapy in the group treated with the basal bolus regimen compared to the two other regimens: 92 (21.1%) patients reached the target in the basal bolus group versus 46 (37.4%) in the basal plus group and 125 (28%) in the basal ? OADs group (p \ 0.01). Despite those differences, the increase in the proportion of patients reaching the composite therapeutic target from month three to month six was similar across the three subgroups, irrespective of the prescribed regimen.
The mean value of HbA1c among the study population decreased significantly throughout the observation period-from 9.5 ± 1.6% at baseline to 8.3 ± 1.3% at three months, and to 7.5 ± 1.1% at the six-month follow-up visit. Similar positive outcomes were observed for FBG: its plasma concentration decreased from 12.1 ± 3.7 mmol/L at baseline to 8.7 ± 2.6 mmol/L at three months, and to 7.7 ± 2.1 mmol/L at the six-month follow-up visit.
Safety of Insulin Glargine Therapy
No severe cases of hypoglycemia were observed throughout the study in patients who switched to the insulin glargine regimen. The reported serious adverse events included two cases of myocardial infarction and one case of trimalleolar fracture of the right ankle. The data on reported hypoglycemic events are shown in Table 2 . Basal insulin glargine therapy was accompanied by a significant decrease in the number of hypoglycemia events reported by patients. Before switching to insulin glargine therapy, 45.9% of patients reported at least one event of hypoglycemia, whereas only 8.5% and 5.2% of patients reported these events at the three-month and six-month follow-up visit, respectively. Regarding the particular types of hypoglycemia, the most significant decrease in the number of hypoglycemic events was observed for nocturnal hypoglycemia: 2.4% vs. 0.8% between the three-month and six-month follow-up visits, respectively. The proportion of patients who experienced hypoglycemia was much higher in those receiving the basal bolus regimen compared to those receiving the basal ? OADs or basal plus regimen (Table 3) . This was somewhat expected, as the basal bolus regimen showed the lowest efficacy in terms of the composite endpoint.
In the full study population, body weight and waist circumference decreased significantly during the follow-up period (Table 4) . Waist circumference was reduced in 566 (59.1%) patients and BMI in 587 (57.8%) patients over the study period. Conversely, increases in waist circumference and BMI were observed in 168 (17.6%) and 251 (24.9%) of the patients, respectively; 233 (23.3%) patients experienced no change in waist circumference and 176 (17.3%) experienced no change in BMI. It is worth noting that patients whose BMI decreased during the study had significantly higher starting BMI (30.7 kg/m 2 ) than those whose BMI remained unchanged (28.7 kg/m 2 ) or increased (28.3 kg/m 2 ) (p \ 0.05 for both comparisons). In terms of concomitant OADs, patients whose waist circumference or BMI decreased during the study period were more likely to receive metformin and less likely to receive no OAD therapy than those whose waist circumference or BMI increased or remained unchanged (Table S3 in the ESM). We detected no association between non-metformin OAD use and waist circumference or BMI change, likely due to the small number of patients receiving OADs other than metformin.
The proportion of patients with any hypoglycemic episode was significantly higher among patients whose BMI increased than There was a weak but statistically significant positive Spearman correlation between waist circumference increase and the incidence of any hypoglycemic episode, and between BMI increase and the incidence of any hypoglycemic episode (both p \ 0.01).
Patient Satisfaction with the Therapy
To determine whether patients were satisfied with the switch to insulin glargine therapy, we performed a five-grade (Likert scale) survey among the treated patients at baseline and at the six-month follow-up visit. A significant increase in the percentage of patients reporting being ''very satisfied'' with the therapy occurred over time (i.e., 56.2% at the six-month followup visit compared to 31.8% at baseline; p \ 0.01). Moreover, the majority of the patients (94.4%) reported a willingness to continue insulin glargine therapy.
DISCUSSION
Conventional human insulin treatment, due to its nonphysiological time-action profile, is often not efficacious at achieving tight glycemic control in patients with T2D. Moreover, irregular diet and lifestyle patterns of some patients with T2D may hamper the potential benefits of such therapy. As HbA1c is determined by both fasting and postprandial blood glucose levels, excessive postprandial glucose excursions may elevate it, even when FBG levels are within the goal range. Although a regimen with pre-mixed insulin enables both postprandial glucose and FBG to be covered, prandial control with a premixed regimen is associated with a higher risk of pre-dinner and nocturnal hypoglycemia, so it may not always be optimal for reaching glycemic targets [18] .
This prospective study analyzed the clinical effects of switching from a pre-mixed insulin therapy to an insulin glargine regimen in patients with inadequately controlled T2D. The six-month follow-up observations revealed that a significant proportion of the patients with advanced diabetes reached their therapeutic goals of HbA1c \ 7% and FBG between 3.9 and 7.2 mmol/L. The increase in the percentage of patients reaching these set goals was similar irrespective of the type of therapy. Therefore, we hypothesize that therapeutic success did not depend on the type of regimen prescribed. Fewer patients treated with the basal bolus regimen achieved the composite endpoint of HbA1c \ 7%, FBG 3.9-7.2 mmol/L, and no hypoglycemic events. This is likely due to the occurrence of hypoglycemic events, which may be explained by the more severe disease manifestation present in this group of patients, which required more frequent prandial insulin usage. However, despite the higher risk of hypoglycemia when glargine is used as part of a basal bolus regimen, improvements in glycemic control within the set follow-up period were significant and comparable to those observed with other regimens. Therefore, insulin glargine may be a beneficial alternative even for patients with an advanced form of diabetes requiring multiple prandial insulin injections. Similar results were obtained in a previous clinical trial performed in a large, diverse, multinational population of suboptimally treated patients with T2D, in which the 24-hour basal insulin glargine (Lantus Ò ) significantly improved glycemic control with a low risk of severe hypoglycemia [19] .
During a six-month follow-up period, we observed a significant decrease in mean HbA1c values (from 9.5 ± 1.6% at baseline to 8.3 ± 1.3% at the three-month visit and to 7.5 ± 1.1% at the six-month visit) and in recorded FBG levels (from 12.1 ± 3.7 mmol/L at baseline to 8.7 ± 2.6 mmol/L at the threemonth visit and to 7.7 ± 2.1 mmol/L at the sixmonth visit). Similar decreases were obtained in a clinical trial by Davis et al., who recorded a 9.0 ± 1.3% to 8.0 ± 1.2% decrease in HbA1c and a 9.3 mmol/L to 5.9 mmol/L decrease in FBG 24 weeks after insulin glargine initiation in suboptimally controlled patients with T2D on premixed insulins [19] . In the same study, mean body weight increased modestly by 0.8 kg in the total study group, with no significant difference observed between the different insulin glargine subgroups analyzed. However, in our study, we observed a significant reduction in body weight, waist circumference, and BMI at each follow-up visit compared to the previous visit, with an average reduction in body weight of 1.2 kg between the baseline visit and the six-month follow-up visit. Importantly, reductions in body weight and BMI were experienced by nearly 60% of the patients each. A more detailed investigation revealed that concomitant OAD therapy may have played a role in these findings, since patients experiencing a decrease in BMI or waist circumference during the study period were more likely to use metformin and less likely to receive no OAD treatment compared with those whose BMI or waist circumference increased. Thus, the positive effects of concomitant metformin therapy in patients treated with insulin glargine in our study were consistent with metformin being widely recognized as promoting weight loss [20] .
We found that an increase in BMI or waist circumference during the study directly correlated with the number of any hypoglycemic episode. As patients with an increase in BMI over the study period had a significantly lower baseline BMI compared with those whose BMI decreased, our results can be seen as consistent with prior research suggesting that a lower BMI predisposes to hypoglycemia. Analysis of data from 11,140 patients with T2D enrolled in the ADVANCE study revealed a reduced risk of severe hypoglycemia with increasing BMI [21] . Similar results were obtained in a post hoc analysis of the ACCORD trial including 10,209 T2D patients, where a BMI exceeding 30 kg/m 2 was found to be associated with a significantly lower risk of hypoglycemia requiring medical attention than a BMI below 25 kg/m 2 [22] . Our results add further to the body of evidence suggesting that a higher BMI may be somewhat protective against hypoglycemia.
The total number of hypoglycemic events was analyzed based on patients' subjective assessment of any symptomatic hypoglycemic episodes. Hypoglycemic episodes after three and six months were reported by 8.5% and 5.2% of patients, respectively, and were less common compared to baseline. The decrease in hypoglycemic episode incidence after between three and six months of therapy could be due to a dose optimization period. These hypoglycemic events were reported more frequently among the basal bolus subpopulation, which may explain why a significantly smaller number of patients in this group reached the composite therapeutic goal (Table 3) . Even those patients with the most advanced form of diabetes benefited from switching to the insulin glargine regimen-the decrease in the number of hypoglycemic events and the achievement of the therapeutic target throughout the follow-up period was similar in patients with advanced diabetes compared to those in other subpopulations. Overall, our results suggest that basal insulin therapy was associated with a lower risk of hypoglycemia, a low risk of nocturnal hypoglycemia, and no serious events of hypoglycemia observed in patients switched to insulin glargine regimens.
Apart from its clinical advantages concerning glycemic control, the insulin glargine regimen was also well perceived by the patients. Indeed, basal insulin regimens allow a better quality of life due to not only the benefits of obtaining tight glycemic control but also those associated with fewer injections and more comfortable bedtime administration.
We presented evidence from a real-world clinical setting that were largely consistent across different analysis subgroups within this study. Nevertheless, one should be aware of the limitations associated with our research, such as the biases related to the unblinded noninterventional nature of this observational study and the lack of randomization. The results obtained for analysis subpopulations should be interpreted in light of baseline patient characteristics, and no causal relationship between the treatment and outcomes could be established incontrovertibly. Furthermore, our analysis is limited as data on hypoglycemia were collected both retrospectively (for pre-mixed insulin therapy) and prospectively (for basal insulin therapy), which makes it difficult to compare them. Finally, the number of patients receiving non-metformin OADs was small, prohibiting a more detailed analysis of the effects of concomitant therapy on the efficacy and safety of insulin glargine-based regimens.
CONCLUSIONS
The results of this observational study show that insulin glargine has a good safety profile and is effective at improving glycemic control in a large, diverse population with long-standing T2D and who were previously uncontrolled with pre-mixed insulin therapy. We observed that patients treated with different insulin glargine regimens (with either OADs only, or with additional prandial insulin) achieved improved glycemic control, a low incidence of hypoglycemia, and a decrease in body weight. Although descriptive to a large extent, the results of our study may aid the therapeutic decision process for other physicians and for patients who could benefit from the clinical advantages of insulin glargine shown here.
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